Abstract
Introduction
The second series of beads were extruded as above but using 30G 1 / 2 ʺ (internal diameter ~ 121 0.16 mm) stainless steel PrecisionGlide® needles.
122
The third series of beads were extruded by mixing alginate (2%) and Lf (2%) solutions in 123 different ratios of Alg:Lf, specifically in the ratios 1:3, 1:1.5, 1:1, 1.5:1 and 3:1 using 30G 1 / 2 ʺ
124
PrecisionGlide® needles.
125
The term mixture should be understood as an alginate-Lf mixture and will be denoted as Mix The extruded beads were measured for their diameter (mm). 20 beads of same composition
132
were lined in contact in a straight row and the total length measured using a calibrated scale.
133
The total length was divided by the number of beads to achieve the diameter of a single bead. The amount of Lf leaching from the beads (Alg:Lf = 1:1) into Millipore water at pH 4 and 7
171
(22 ± 2 ˚C) for 6 weeks were determined as a measure of bead stability. being the lowest (Fig. 4 A) . For all mixing ratios, the differences in Lf content of apo-Lf and 254 native-Lf were non-significant (P > 0.05) but were significantly higher (P < 0.05) than that of 255 holo-Lf. The iron content of the beads displayed the same trend. Iron retained by beads with 256 apo-Lf was significantly higher (P < 0.05) than that of holo-Lf, whereas beads with native-Lf 257 did not follow the trend (Fig. 4 B) . It should, however, be noted that the determination of the
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258
Lf content is considered more accurate due to the higher absorbance values measured. This 
Water holding capacity
268
The beads from section 3.2.1.2 were characterized for their water holding capacity except 269 beads produced from the mixing ratio (Alg:Lf) of 1:3 which were excluded as they control beads of similar alginate content (Fig. 5) . However, the alginate content in the 274 mixture, affected the water held by the beads. Lower water content was observed for higher 275 alginate content, which followed a trend similar to beads extruded with same mixing ratio but 276 different solid contents (Fig. 3) . This indicates that beads containing higher alginate content 
Conclusion
365
Lf (apo-, native-and holo-) can be encapsulated in alginate beads by the extrusion gel 366 entrapment method. Alginate in the alginate-Lf mixture was found to be the major 367 contributing factor in determining the water holding capacity of the beads, and it was 368 inversely proportional to the alginate content in the mixture. It was found that a minimum of 369 40% alginate was necessary in the alginate-Lf mixture to form firm beads. At low alginate 370 content, the presence of Lf in the mixture led to an increase in calcium uptake by the beads.
371
The leaching of holo-Lf from alginate-Lf mixture during gelation was found to be higher than 
